Background Femoroacetabular impingement (FAI) is increasingly diagnosed in young and middle-aged patients.
Introduction
FAI of the hip is a well-described pathologic condition [5, 6, 25, 26, 32, 37, 39-42, 44-46, 49, 53, 58] . Caused by abnormal bony offset at the femoral head-neck junction (cam lesion [26] ), abnormal acetabular anteversion or excessive anterolateral acetabular bony rim coverage (pincer lesion [26] ), and combined cam-pincer lesions, FAI can lead to labral tears, cartilage delamination, and if untreated, osteoarthritis [9, 26, 43, 64] . With heightened awareness toward this clinical entity, FAI is being increasingly recognized in children and adolescents [66] , who may present with hip pain exacerbated by athletic training or competition.
In 1936, Smith-Petersen described impingement in patients with proximal femoral deformities as a result of slipped capital femoral epiphysis (SCFE) and Legg-CalvePerthes' disease and was the first to describe open surgical treatment with open acetabuloplasty through an anterior approach [69] . Later, after impingement had been proposed by Ganz et al. as a cause of osteoarthritis of the hip, surgical treatment of FAI in adults continued with open surgical dislocation via a novel transtrochanteric approach [26] . This involves performing a greater trochanteric osteotomy and osteoplasty of the femoral head-neck junction and acetabulum, thereby improving clearance for hip motion and alleviating femoral abutment against the acetabular rim [6, 37, 39, 46, 51, 54] . Since that time, combined open and arthroscopic approaches have been described [17] . In addition, for children with hip impingement, various osteotomies [19, 31, 70] have been used to correct femoral head-neck abnormalities to increase clearance between the femoral neck and acetabulum, although the focal impingement lesions were not necessarily altered.
Hip arthroscopy was described in the 1970s, but was not commonly used to treat the symptoms of FAI until the 1990s [10, 14] . In adults, this technique has been used with increasing frequency, largely based on studies reporting increases in functional outcome measures of up to 10 years [13, 14, 29, 38, 57] , with complication rates less than 1.5% in several large series [11, 13, 15, 63] . Most complications are minor [15, 28, 63] (eg, chondral scuffing, temporary neurapraxia, broken instrumentation, fluid management, and undertreatment of hip disorders), with major complications (eg, femoral neck fracture, infection, iatrogenic instability and dislocation, abdominal compartment syndrome) being exceedingly rare [4, 24, 28, 48, 65] . Philippon et al. reported on 16 adolescent patients who underwent arthroscopy for FAI had improvements in a modified HHS, HOS-sport subset, and HOS-activity of daily living subset of 35, 56, and 36 points, respectively (all scores on a scale of 0-100) [59] . To our knowledge, this is the only published series on adolescents, and the study reports on skeletally immature patients who underwent only 'limited débridement' of osseous disorders, according to the authors' description [59] .
Because it is not known how skeletally mature adolescent athletes respond to this treatment, we posed the following questions: (1) Do validated measures of hip function (HOS and modified HHS) improve after arthroscopic treatment of FAI in a cohort of skeletally mature adolescent athletes? (2) What complications might be expected during and after arthroscopic treatment of FAI in these patients?
Patients and Methods
We retrospectively reviewed the records of all 21 athletically active patients 19 years of age or younger who underwent 27 hip arthroscopies for FAI from January 2007 to December 2008. We defined athletically active patients as those playing at least one organized sport or activity at school or in the community. We prospectively collected information regarding patient demographics, operative details, intraoperative or postoperative complications, and validated preoperative and postoperative modified HHS [12] and HOS [47] as part of an Institutional Review Board-approved hip arthroscopy patient registry. Because hip arthroscopy is principally indicated for pain and decreased function, these aspects of the HHS are maintained, whereas the section on ROM and deformity is eliminated in the modified version [12] . Of the total of 24 patients in this age range who underwent an arthroscopic hip procedure, we excluded three who underwent revision hip arthroscopy after having primary hip arthroscopy at another institution. This left 21 patients with 27 arthroscopies. Patients were an average of 17.6 years old (range, 14.5-19.9 years) at the time of surgery. Twelve of 21 patients were male and 15 of 27 procedures were performed on right hips. Six of 21 patients, all of whom were male, underwent staged bilateral procedures. Sports participation in patients varied widely with some patients playing multiple sports ( Table 1 ). The minimum followup was 1 year (mean, 1.5 years; range, 1-2.5 years). No patients were lost to followup. No patients were recalled specifically for this study; all data were obtained from medical records.
Patients were indicated for arthroscopy based on clinical and radiographic signs and symptoms of FAI that were refractory to a minimum of 6 months of nonoperative treatment, which included activity modification, physical therapy, and steroid injections in the hip. Positive clinical examination findings included decreased internal rotation of the hip when flexed to 90°and a positive impingement sign [66] . Femoral version was assessed clinically. Plainfilm evidence of FAI included decreased femoral headneck offset (cam lesions) on the extended-leg lateral view [16] and crossover sign on AP radiographs of the pelvis (pincer lesions) [16, 62] . All patients underwent a diagnostic intraarticular anesthetic injection, which was associated with immediate considerable to complete relief of symptoms in all 21 patients during the immediate postinjection period, but which later proved to be transient.
For patients with signs and symptoms of concomitant internal snapping hip syndrome or psoas impingement syndrome [2, 3, 27, 30, 33] , we performed separate diagnostic injections in the area of the iliopsoas bursa and a positive diagnosis applied to those with immediate considerable to complete relief of symptoms from the injection [1] . Chondral and labral disorders were evaluated using high-resolution, noncontrast MRI based on evidence from our institution regarding the equivalence or superiority to MR arthrograms for evaluation of labral disorders [50, 60] ( Fig. 1) , whereas bony pathoanatomy was assessed using plain radiographs and noncontrast CT scans with 3-D reconstruction reformatted images (Fig. 2) , based on emerging information regarding the value of CT for preoperative planning [18] . We also used axial oblique imaging sequences in the CT scans to formally measure alpha angle [52] , which was defined as positive for the presence of a cam lesion if the value was greater than 55°. Our contraindications for arthroscopic management of FAI include: acetabular dysplasia, posterior extension of impingement lesions which are poorly seen arthroscopically, acetabular retroversion with posterior wall deficiency, excessive femoral retroversion, and osteoarthritis greater than Tönnis Grade 1. All surgery was performed by one surgeon (BTK). Hip arthroscopy was performed with the patient in the supine position on a traction table under spinal anesthesia with intravenous sedation. We used a standard three-portal (anterolateral, posterolateral, anterior) technique along with variable use and position of a distal accessory portal, and all starting portals were placed under fluoroscopic guidance. T-shaped capsulotomies were performed with a Beaver blade on a long handle for increased observation and repaired with one or two simple capsular stitches before skin closure. Intraoperatively we observed various lesion characteristics (Table 2) . We confirmed the presence of pincer lesions with meticulous inspection of the acetabulum, type of labral disorder, dynamic assessment of the impingement pattern with hip ROM with the traction released, and close correlation with the plain films and 3-D CT scans. We observed three types of labral disorders and each was treated accordingly: (1) erythematous contusiontype lesions in the anteroinferior labral region at approximately 3 o'clock (using the acetabular clock-face descriptive classification) [58] without obvious fraying were not specifically addressed, but were associated with psoas tendon impingement in all cases, therefore undergoing fractional psoas lengthening to decrease contact stresses at this anatomic intersection; (2) labral fraying was treated with limited débridement of only the frayed portions; and (3) in cases of frank detachment, the rim was decompressed directly using a 5.5-mm burr without primary detachment of the labrum. Areas where the labrum was deemed unstable or lacked adequate anchoring to deficient transition zone cartilage, suture refixation of the tissue was performed using intrasubstance passage of the suture resulting in anatomic restoration of a functional labral seal. We performed labral repairs in most cases with limited débridement where appropriate. In patients who had benefited from psoas injections, transcapsular assessment of the underside of the psoas tendon was performed arthroscopically and correlated with the status of the anterior labrum at approximately the 3 o'clock position (anteriorly as previously described [58] -3 o'clock on the right acetabulum and reversed for the left acetabulum), where the psoas tendon passes over the acetabular rim. In patients with corresponding fraying or an erythematous, contusion-type lesion of the labrum, underside of psoas tendon, or both, we performed fractional release of the tendinous portion of the iliopsoas musculotendinous unit with a radiofrequency probe. After addressing all disorders in the central compartment, traction was released and a femoral head-neck osteoplasty for cam lesions was performed using an arthroscopic burr and fluoroscopic confirmation of adequacy of resection using AP, various frog-leg lateral, and dynamic views (Fig. 3) .
Per an institutional protocol, pharmacologic deep venous thrombosis prophylaxis was deferred in this young healthy patient population. We encouraged patients to ambulate immediately with foot-flat touch-down (20%) weightbearing for 10 to 14 days wearing a hip abduction brace that allows for 0°to 70°flexion but blocks active abduction to prevent unintentional trauma or extreme ROM. Physical therapy is geared toward normalizing gait pattern using crutches, passive motion, isometrics, and hip extension. Patients then progress to weightbearing as tolerated between 2 and 4 weeks postoperatively. At this time patients begin core and hip strengthening exercises and progress with ROM exercises. They are seen in the office at 6 weeks to assess progress through physical therapy and radiographs including AP and elongated neck Dunn lateral views to confirm adequate postoperative correction of impingement disorders and absence of any postoperative heterotopic bone formation. Eight to 16 weeks postoperatively, patients begin endurance activities, plyometrics, and running. Patients begin sportsspecific rehabilitation 3 months postoperatively and are cleared to return to athletics after 4 to 6 months depending on progress and any residual symptoms. After the first 3 months, we reevaluated all patients at 6, 12, and 24 months postoperatively with repeat physical examination (impingement testing, manual muscle testing, pain evaluation, etc) and completion of the modified HHS and HOS instruments. Repeat radiographic imaging was performed 1 and 2 years postoperatively. The data were collected prospectively and analyzed retrospectively; there was only one missing data point throughout the study in the patient registry (postoperative HOS sport subset for one patient, HOS activity of daily living subset was filled out for this patient however).
Hip-specific descriptive statistics were calculated for clinical variables of interest. Preoperative to postoperative changes in modified HHS, HOS instruments, and selfreported hip function in the HOS sports subset were evaluated at the patient-level using the nonparametric Wilcoxon signed rank test (matched analysis of patients preoperative and postoperatively). All analyses were performed using SAS Software version 9.1 (SAS Institute, Cary, NC, USA). No sample size calculation was performed because this is a case series using all available subjects.
Results
The modified HHS improved by an average of 21 points, the activities of daily living subset of the HOS improved by an average of 16 points, and the sports outcome subset of the HOS improved by an average of 33 points (Table 3) . Self-reported hip function in the HOS sports subset improved with 19% reporting normal or nearly normal function preoperatively compared with 100% postoperatively (p \ 0.001 for all measures). In hips that underwent head-neck osteochondroplasty (24 hips with five cam lesions and 19 combined lesions), the mean alpha angle improved from 64°± 16°to 40°± 5.3°postoperatively (p B 0.001 for all measures).
Patients who underwent labral refixation had improved modified HHS and HOS activity of daily living score by 27 and 20 points each compared with 19 points and 14 points respectively in patients who underwent labral débridement (Table 4) . However, the final scores were similar for each group at the most recent followup: 85 versus 89 and 90 versus 93, respectively. Postoperative modified HHS, HOS activity of daily living, and HOS sport scores at the most recent followup for patients with psoas disorders who underwent a psoas release compared with those without psoas disorders were similar: 90 versus 87, 94 versus 92, and 89 versus 81, respectively. In patients who underwent psoas release, hip flexion strength measured by manual muscle testing normalized by the 6-month postoperative visit.
There were no intraoperative or postoperative complications in this series of patients.
Discussion
Arthroscopic treatment of FAI is becoming more popular as reports of improvements in hip-specific outcome scores (eg, HHS, HOS) at 2 to 10 years are favorable [13, 14, 29, 38, 57] , with complication rates less than 1.5% in several large adult series [11, 13, 15, 63] . Without similar reports for children and adolescents, the use of arthroscopy in this cohort is unfounded. Because it is not known how skeletally mature adolescent athletes respond to this treatment, we posed the following questions: (1) Do validated measures of hip function (HOS and modified HHS) improve after arthroscopic treatment of FAI in a cohort of skeletally mature adolescent athletes? (2) What complications might be expected during and after arthroscopic treatment of FAI in these patients? There are several limitations to the study, including a relatively small sample size, which precluded extensive statistical analysis of specific demographic and treatment factors that might have been associated with improved hip scores. Hip arthroscopy in this demographic (specifically, adolescent athletes), however, is rare, thereby precluding formal multivariate analysis. Instead, we analyzed the results of this unique cohort as a whole. In addition, our followup interval averaged 1.5 years, and longer-term data are needed to determine whether the early benefits are maintained and whether there is a potential to reduce the risk or delay the onset of OA. Finally, this was a retrospective study. However despite a retrospective statistical analysis, data were collected prospectively in a surgical patient registry, thus eliminating loss of patients to followup.
Several studies have described arthroscopic treatment of adult patients with FAI [13, 29, 38, 57] ; the adolescent population in the current study benefited from similar improvements in modified HHS, HOS activity of daily living score, and HOS sport score, with improvements of 21, 16, and 33 points, respectively. These scores are comparable to previously reported improvements of 20 to 30 points on the modified HHS, 15 to 30 points on the HOS activity of daily living score, and 25 to 35 points on the HOS sport score in major adult series [13, 29, 38, 57] (Table 5 ). There have been few studies investigating hip arthroscopy in children [7, 35, 36, 59, 67, 71] . Kocher et al. evaluated 54 hip arthroscopies in 42 patients younger than 18 years with a minimum of 1 year followup [35] . Surgical indications included labral tear, Perthes disease, inflammatory arthritis, spondyloepiphyseal dysplasia, and avascular necrosis, among others. They reported improvement in 83% of patients with modified HHS improvements of 30 points on average. Excluding recurrent labral tears, only four complications were noted: transient pudendal nerve palsies (three) and broken instrumentation (one). However, no patients in their series were indicated specifically for treatment of FAI. In contrast, in the current series, we used FAI as the primary surgical indication as defined by the previously mentioned clinical and radiographic diagnostic criteria. Philippon et al. reported clinical improvements in pain and function as measured using modified HHS and HOS instruments after hip arthroscopy for treatment of FAI in a similar cohort of active adolescents [59] . Unlike their series, however, no adolescents in our study were skeletally immature at the time of surgery. Therefore, complete headneck osteoplasties were performed for cam lesions rather than the limited osteoplasties they describe to avoid potential physeal damage. Fifty percent of patients in their series also underwent capsular plication for hip instability, whereas this procedure was not performed on any patient in our series. Although some reviews [8, 55, 56, 61, 68] have described hip instability as a rare but reasonable indication for arthroscopic techniques, we are not aware of any data detailing the effectiveness of arthroscopic plication of the hip capsule or of any specific association between FAI and hip instability. Another difference is that some patients in the current series (26%) were diagnosed, based on clinical and arthroscopic criteria, to have a concurrent psoas disorder warranting fractional release of the psoas tendon. Philippon et al. described no interventions for psoas disorders [59] .
In our series and that of Philippon et al. [59] , a combination of labral débridement and refixation was performed. Some efforts have been focused on preserving and repairing labral tissue whenever possible. Biomechanical studies have indicated that intact labral tissue supports natural joint lubrication and the presence of a 'suction seal' that limits translation and instability [21] [22] [23] 34] . Espinosa et al. reported patients treated with labral refixation rather than débridement had superior clinical and radiographic improvements as measured by the Tönnis arthrosis classification system and Merle d'Aubigné-Postel clinical score at 1 and All means improved positively between preoperative and postoperative period.
2 years postoperatively [20] . This was confirmed by Philippon et al. who noted the postoperative modified HHS was better at an average of 2.3 years in adults who underwent labral fixation instead of débridement during hip arthroscopy to treat FAI [57] . Despite trends toward greater improvements in the modified HHS and HOS activity of daily living score after labral refixation in this adolescent cohort (Table 4) , the limited sample size precluded statistical evaluation of this variable as a predictor of improved clinical outcome scores. Larger prospective series are required to determine if maintaining a suction seal through labral fixation instead of débridement helps improve clinical outcome scores in this population, but in the absence of definitive evidence to the contrary, repairing the labrum whenever possible may be important in maintaining the normal anatomy of the hip and slowing the natural history of degenerative hip disease. Further prospective and longterm outcome data are needed to determine if there are any specific clinical and demographic predictors of short-and long-term outcome in adolescents. Several studies have reported low complication rates in adults [14, 15, 28] , and we found the same in our adolescent cohort, in which no complications were seen.
We observed improvements in the modified HHS, HOS activity of daily living score, and HOS sport score of 21, 16, and 33 points, respectively, with no intraoperative or postoperative complications. Although these early data substantiate the use of hip arthroscopy as surgical management of FAI in adolescent athletes, long-term prospective research is needed to determine whether these early benefits are maintained and whether there is a potential to reduce the risk or delay the onset of OA. 
